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CURED SOY PROTEIN WITH GREEN 
STRENGTHENING ADDITIVE AND 

FABRICATION OF SUCH INTO GREEN 
COMPOSITE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Patent Application No. 60/683,294, ?led May 23, 2005, and 
of US. Provisional Patent Application No. 60/758,543, ?led 
Jan. 13, 2006. 

TECHNICAL FIELD 

This invention is directed to a biodegradable resin com 
prising cured soy protein and strengthening additive, and 
fabrication of composites containing the resin and green ?ber, 
?lament, yarn, Woven fabric and/or non-Woven fabric con 
taining green polymer Which is different from cured soy 
protein. 

BACKGROUND OF THE INVENTION 

Fiber reinforced composites made using ?bers, e.g., glass, 
graphite, aramid, etc., and resins, e.g. epoxies, polyimides, 
vinylesters, nylons, polypropylene, etc. are used in multitude 
of applications ranging from aerospace to automobile com 
ponents and from sports gear to electronic circuit boards. 
Most commercially available composites used today are 
made using petroleum based ?bers and resins. These com 
posites do not degrade under normal environmental condi 
tions for several decades and pose a threat to the environment. 
In addition, since composites are made using tWo dissimilar 
materials, they cannot be easily recycled or reused. This is 
particularly true for thermoset resins. As a result, at the end of 
their life, most composites end up in land-?lls. With applica 
tions multiplying in the past feW years and expected to 
increase further, composite Waste disposal is a serious con 
cern. In addition, petroleum has become expensive and so are 
?bers, resins and composites based thereon. 

SUMMARY OF THE INVENTION 

The invention herein uses soy protein as a base material to 
prepare green resins that have been modi?ed to improve their 
mechanical properties While maintaining their green prop 
erty. Thus, contrary to most commercially available resins, 
they do not rely on petroleum for base material and do not 
pose a threat to the environment. 

The invention also is directed to fabrication of these green 
resins into green composites With ?bers, ?laments, yarns, 
Woven fabrics and/or non-Woven fabrics constituted of green 
polymer different from cured soy protein, including natural, 
regenerated or synthesized green polymers. 

The term “biodegradable” is used herein to mean degrad 
able over time by Water and/or enZymes found in nature, 
Without harming the environment. 

The terms “green resin” and “green composite” are used 
herein to mean that the resin and composite are sustainable 
and at the end of their useful life, can be disposed of or 
composted Without harming the environment. 

The terms “green strengthening agent” and “green poly 
mer” and “green ?bers, ?lament, yarn, Woven and/or non 
Woven” are used herein to mean that these can be included to 
form green resin and green composite. 
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2 
One embodiment herein, denoted the ?rst embodiment, is 

directed to biodegradable composition (biodegradable resin) 
comprising from 99.5% to 40% by Weight plasticiZed or 
unplasticiZed cured soy protein (uncured soy protein plus 
uncured green strengthening agent basis) and from 0.5% to 
60% by Weight (uncured soy protein plus uncured green 
strengthening agent basis) of one or more green strengthening 
agents, said composition having a stress at maximum load of 
at least 12.3 MPa and modulus of at least 150 MPa. In a 

variation, strengthening agent is de?ned, and mechanical 
properties are therefore inherent. 

The green strengthening agents include, for example, 
nanoclay, micro?brillated cellulose, nano?brillated cellu 
lose, cured green polysaccharide, green reinforcing ?bers, 
?laments, yarns, parallel arrays thereof, Woven fabric, knitted 
fabric and/or non-Woven fabric of green polymer different 
from cured soy protein, and combinations of these, and pref 
erably comprise cured green polysaccharide. 

PlasticiZing of the cured soy protein increases fracture 
strain and toughness. 
Another embodiment herein, denoted the second embodi 

ment, is directed to a method for preparing a biodegradable 
composite sheet or sheet stack comprising the steps of blend 
ing precured soy protein and from 2 to 60% by Weight green 
short ?bers (uncured soy protein plus green short ?bers basis) 
of constitution different from soy protein and forming a sheet 
or stack of sheets With the green short ?bers randomly ori 
ented therein, and curing the sheet or stack of sheets. 

Another embodiment herein, denoted the third embodi 
ment, is directed to a method for preparing a biodegradable 
composite sheet comprising the steps of dispensing aligned 
roWs of green short ?bers onto an uncured soy protein sheet in 
an amount ranging from 2 to 60%, e.g., 5 to 40%, by Weight 
(uncured soy protein plus green short ?bers basis) to form 
uncured soy protein sheet With aligned unidirectional green 
short ?ber roWs thereon and/or therein, then precuring, fol 
loWed by curing. As used herein, the term “unidirectional” 
means all ?bers being parallel and oriented in one direction. 

Another embodiment herein, denoted the fourth embodi 
ment, is directed to a method for preparing a composite com 
prising green ?ber, ?lament or yarn or parallel array thereof or 
green Woven fabric, green knitted fabric or green non-Woven 
fabric impregnated With cured soy protein polymer, compris 
ing one or more steps of dipping the ?ber, ?lament or yarn, 
individually, or in parallel array, or fabric into a bath of 
uncured soy protein With or Without green strengthening 
agent therein, Where When green strengthening agent is 
present, said bath comprises from 99.5 to 40% by Weight 
uncured soy protein (including Water content ranging from 
500 to 1500%) by Weight and from 0.5 to 60% by Weight 
green strengthening agent (uncured soy protein plus green 
strengthening agent basis), to obtain bath composition 
coated/impregnated ?ber, ?lament, yarn or parallel array 
thereof, or fabric, With a coating amount so as to provide a 
cured coating amount in the product composite ranging from 
30 to 65% of the total Weight of the product composite, drying 
to obtain precuring, then hot pressing to obtain curing. 
As used herein, the term “stress at maximum load” means 

the stress at load just prior to fracture as determined by the 
stress-strain curve in a tensile test. 

As used herein, the term “fracture stress” means the stress 
at fracture as determined by the stress-strain curve in a tensile 
test. 

As used herein, the term “fracture strain” means the strain 
(displacement) at fracture as determined by the stress-strain 
curve in a tensile test. 
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As used herein, the term “modulus” means stiffness as 
determined by the initial slope of the stress-strain curve in a 
tensile test. 
As used herein, the term “toughness” means the amount of 

energy used in fracturing the material as determined by the 
area under the stress-strain curve. 

The tensile test referred to is carried out using Instron or 
similar testing device according to the procedure of ASTM 
Test No. D882 for resin sheets and D3039 for composites. 

The term “short ?bers” is used herein to mean ?bers having 
a length in the range of 5 mm to 5 cm. 

The term “uncured soy protein” is used herein to mean soy 
protein that has not been precured or precured and cured as 
de?ned beloW; the term includes moisture content that is 
present. 

The term “precured” is used herein to mean exposing to 
heat for a time suf?cient to obtain a homogeneous admixture, 
Without the occurrence of crosslinking. 

The term “cure” or “curing”, Without a modi?er, is used 
herein to mean cause crosslinking. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram shoWing a technique for 
fabrication of unidirectional short ?ber composites according 
to the present invention. 

FIG. 2a is a schematic diagram shoWing a Warping proce 
dure in preparation for coating/ impregnation herein. 

FIG. 2b is a schematic diagram shoWing a sectional Warp 
ing in preparation for impregnation/ coating herein. 

FIG. 3 is a schematic diagram shoWing a resin impregna 
tion technique according to the present invention. 

FIGS. 4a and 4b are schematic diagrams shoWing tech 
niques for drying according to the present invention. 

FIG. 5 is a schematic diagram shoWing a continuous manu 
facturing process of a green composite according to the 
present invention. 

FIG. 6a is a schematic diagram shoWing a multilayered 
green composite With a hydrophobic sheath according to the 
present invention. 

FIG. 6b is a schematic diagram shoWing a multilayered 
green composite comprising a fabric based laminate accord 
ing to the present invention. 

FIG. 60 is a schematic diagram shoWing a multilayered 
green composite comprising green laminates and a metal 
sheath according to the present invention. 

DETAILED DESCRIPTION 

We turn noW to the ?rst embodiment. 
The soy protein used to form the composition (resin) of the 

?rst embodiment, is commercially available in three different 
varieties: soy protein isolate (SPI), soy protein concentrate 
(SPC) and soy ?our (SF). Their approximate compositions 
are given in Table 1, beloW. 

TABLE 1 

Typical chemical compositions of commercially available soy proteins 

Component Protein Fat Fiber Ash Carbohydrates 

Soy ?ours (%) 56.0 1.0 3.5 6.0 33.5 
Soy protein 72.0 1.0 4.5 5.0 17.5 
concentrates (%) 
Soy protein isolates (%) 96.0 0.1 0.1 3.5 0.3 
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4 
All these have moisture contents ranging from 4 to 6% by 

Weight. 
SPC poWder, ARCON®S obtained from Archer Daniel 

Midland Company, Decatur, Ill ., Was used in experimentation 
herein. 

Soy protein contains 18 different amino acid monomers 
including those containing acidic groups (glutamic acid, 
aspartic acid, cystine, etc.) and those containing basic groups 
(lysine, arginine, etc.). Some contain neutral groups (glycine, 
alanine, leucine, isoleucine, etc.). When treated to cause 
crosslinking, the main crosslinks are disul?de crosslinks 
betWeen cystine amino acids present in the soy protein. 

PlasticiZing of the soy protein reduces the brittleness (in 
crease fracture strain and increase toughness) of unplasti 
ciZed crosslinked soy protein. Very preferably, the plasticiZ 
ing is With 0.5 to 35% by Weight glycerol, based on the Weight 
of the soy protein. 

In all cases of preparing compositions of the ?rst embodi 
ment, the soy protein, in poWder form, e.g., 1 to 5 microns, 
e.g., SPC poWder, can be initially admixed With distilled 
and/or deioniZed or other good quality Water in a Weight ratio 
ranging, for example, from 1:5 to 1:15. If the soy protein is to 
be plasticiZed, the plasticiZer, preferably glycerol, is 
admixed. The solution pH can be any except for the isoelec 
tric point of the soy protein, i.e., 4.5 pH, since the soy protein 
is not Water soluble at its isoelectric point. The admixture is 
pre-cured, With strengthening additive being added prior to or 
during pre-curing. The pre-cured admixture is cured for 
applications as described beloW. 

Micro?brillated cellulose strengthening agent, nano?bril 
lated cellulose strengthening agent and green polysaccharide 
strengthening agent are preferably admixed prior to precur 
ing. Nanoclay strengthening agent is preferably added during 
precuring. Fibers, ?laments, yarns, fabrics are admixed dur 
ing formation/ fabrication of composites; after precured resin 
is impregnated, the composites are cured as described beloW. 
The precuring can be carried out by maintaining homog 

eniZed admixture of uncured soy protein, With or Without 
plasticiZer and green strengthening agent, at 75° C. to 90° C. 
for 30 minutes, in a Water bath (Which provides the tempera 
ture). For each increase of 10° C. in temperature of the pre 
curing bath, time of precuring is reduced by half. For each 
decrease of 10° C. in temperature in the precuring bath, time 
of precuring is increased by half. Precuring is complete When 
a homogeneous admixture is obtained Without crosslinking 
occurring. 
The precured admixture is cured, i.e., crosslinking is 

effected in the soy protein, and in polysaccharide if present, 
by drying the pre-cured admixture at 35° C. for 24 hours 
folloWed by hot pressing under a pressure of about 8 MPa at 
120° C. for 25 minutes. Curing can also be carried out at a 
temperature betWeen 110° C. and 140° C. and adjusting the 
time (reducing time by half for each 10° C. increase and 
increasing the time by half for each 10° C. decrease or as 
needed). Curing can also be accomplished by starting at 
around 70° C. and raising in several steps to the ?nal curing 
temperature and removing pressure betWeen steps to alloW 
stream/vapor to escape. The pressure can also be increased or 
decreased and can range, for example, from 4 MPa to 20 MPa. 
Curing is completed When less than 20% moisture remains. 
The curing/crosslinking increases the stiffness of the mate 

rial. 
We tum noW to the case of the ?rst embodiment Where the 

strengthening agent is nanoclay, e.g., having a dry particle 
siZe of 90% less than 15 microns. 
As used herein, the term “nanoclay” means clay having 

nanometer thickness silicate platelets. The nanoclay is pref 
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erably montmorillonite, a natural clay. Other useful nano 
clays include, for example, ?uorohectorite, laponite, bento 
nites, beidellites, hectorites, saponites, nontronites, 
sauconites, vermiculites, ledikites, nagadiites, kenyaites and 
stevensites. 
The nanoclay used for experimentation herein Was 

Cloisite® Na+ obtained from Southern Clay Products, Inc., 
Texas. It is described as a natural montmorillonite and has a 

dry particle siZe of 90% less than 13 microns. 
In preparing the biodegradable composition of the ?rst 

embodiment Where the strengthening agent is nanoclay, the 
nanoclay is suspended in Water, exfoliated and puri?ed. This 
is readily carried out by dispersing nanoclay particles in 
Water, preferably distilled Water, then stirring to cause sus 
pension and exfoliation, then removing the larger (non-exfo 
liated) agglomerates. 

Soy protein in poWder form, e.g., SPC poWder, is admixed 
With Water and optionally pH adjuster and optionally plasti 
ciZer as described above, and after homogenizing, precuring 
is initiated. After at least ?fteen minutes of precuring, nano 
clay suspension is added and precuring is continued for ?ve to 
tWenty minutes more. Curing is then carried out as described 
above. The nanoclay does not take part in the reaction but is 
rather present as reinforcing additive and ?ller. The compo 
sition can be characteriZed as green since the nanoclay par 
ticles are natural and simply become soil particles if disposed 
of or composted. 
We turn noW to the case Where the sole strengthening agent 

is micro?brillated cellulose (MFC) or nano?brillated cellu 
lose (NFC). Up to 60% MFC or NFC by Weight (uncured soy 
protein plus green strengthening agent basis) can improve the 
mechanical properties of the composition Without these, sig 
ni?cantly. The MFC/NFC are available in the form of a slurry 
in Water Which is readily blended With soy protein (e.g., SPC) 
poWder/ Water/ any plasticiZer prior to precuring. Precuring 
and curing are then carried out as described above. 
MFC is sold commercially by Daicel Chemical Industries, 

Japan. MFC is manufactured by separating (shearing) the 
cellulose ?brils from several different plant varieties. Further 
puri?cation and shearing, produces nano?brillated cellulose. 
The only difference betWeen MFC and NFC is siZe (microme 
ter versus nanometer). The MFC and NFC do not take part in 
any reaction but are rather present as strengthening additives 
or ?ller. HoWever they are essentially uniformly dispersed in 
the biodegradable composition and because of their siZe and 
aspect ratio, act as reinforcement. The compositions are green 
because the MFC and NFC degrade in compost medium and 
in moist environments through microbial activity. 
We turn noW to the case Where the only strengthening agent 

is cured green polysaccharide. 
In this case the biodegradable composition comprises from 

98 to 40% by Weight (uncured soy protein plus uncured green 
polysaccharide basis) array of plasticiZed or unplasticiZed 
cured soy protein, from 2 to 60% (uncured soy protein plus 
uncured green polysaccharide basis) array of cured green 
polysaccharide. 

The arrays form an interrningling and interacting (e.g., 
being bonded to each other at least by hydrogen bonding due 
to polar groups in the cured array) network. 

Because of the cured green polysaccharide strengthening 
agent, the mechanical properties are inherently provided and 
are, for example, a fracture stress of at least 15 MPa and a 
modulus of at least 500 MPa. 

The term “array” is used herein to mean a netWork struc 
ture. 
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6 
The term “intermingling” is used herein to mean network 

structures that penetrate each other. The term “interacting” is 
used herein to mean having at least hydrogen bonding 
betWeen tWo arrays. 
The green polysaccharide is preferably agar. Other useful 

green polysaccharides include, for example, gellan gum 
(PhytagelTM), carrageenan and the like. 
The composition of the ?rst embodiment Where the 

strengthening agent is only crosslinked agar can be prepared 
as folloWs: Soy protein poWder, e.g., 1 to 5 microns, e.g., SPC 
poWder, is suspended in Water (e.g., distilled and deioniZed 
Water) as described above. PlasticiZer, e.g., glycerol, is 
optionally added. Agar is dissolved in Water, e. g., distilled and 
deioniZed Water in a Water bath kept at 900 C. for thirty 
minutes. The soy protein poWder suspension and agar solu 
tion are admixed. Precuring and curing are then carried out in 
accordance With the general conditions described above. 
Based on its chemistry, cured agar is fully degradable. 
The composition of the ?rst embodiment Where the 

strengthening agent is only gellan gum is noW described. 
Gellan gum is commercially available as PhytagelTM from 
Signa-Aldrich Biotechnology. It is produced by bacterial fer 
mentation and is composed of glucuronic acid, rhanmose and 
glucose. It is commonly used as a gelling agent for electro 
phoresis. Based on its chemistry, cured PhytagelTM is fully 
degradable. The composition of the ?rst embodiment Where 
cured gellan gum is the sole strengthening agent is readily 
prepared as folloWs. PhytagelTM is dissolved into distilled 
Water to form a solution or Weak gel (depending on the con 
centration). The solution or gel is added to the initial soy 
protein poWder suspension (With or Without plasticizer, e. g., 
glycerol therein). Precuring and curing are then carried out in 
accordance With the general conditions described above. 

During curing, crosslinking occurs in both soy protein and 
in polysaccharide, individually to form array(s) of cured soy 
protein and array(s) of cured polysaccharide. Intermingling 
occurs because the tWo arrays are mixed together. Hydrogen 
bonding occurs betWeen the formed arrays of cured soy pro 
tein and cured polysaccharide because both arrays (systems) 
contain polar groups such as iOH, 4COOH or iNHZ. 
We turn noW to the composition of the ?rst embodiment 

containing more than one kind of strengthening agent. 
In one case, the composition of the ?rst embodiment com 

prises from 98 to 40% by Weight (uncured soy protein plus 
uncured green strengthening agent basis) plasticiZed or 
unplasticiZed cured soy protein and from 2 to 60% by Weight 
of green strengthening agent (uncured soy protein plus green 
strengthening agent basis) Where the green strengthening 
agent consists of from 1 to 59% by Weight cured green 
polysaccharide (uncured soy protein plus nanoclay plus 
uncured green polysaccharide basis) and from 1 to 15% by 
Weight nanoclay (uncured soy protein plus uncured polysac 
charide plus nanoclay basis). 

Processing is carried out the same as Where agar or Phyta 
gel® or other green polysaccharide is the only strengthening 
agent but nanoclay suspension is added toWard the end of the 
precuring step. 

In another case, the composition of the ?rst embodiment 
comprises from 98 to 40% by Weight (uncured soy protein 
plus uncured green strengthening agent basis) plasticiZed or 
unplasticiZed cured soy protein and from 2 to 60% by Weight 
of green strengthening agent (uncured soy protein plus green 
strengthening agent basis) Where the green strengthening 
agent comprises from 1 to 59% by Weight cured green 
polysaccharide (uncured soy protein plus uncured green 
polysaccharide plus MFC or NFC basis) and from 1 to 59% 
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by Weight micro?brillated or nano?brillated cellulose (un 
cured soy protein plus uncured polysaccharide plus MFC or 
NFC basis). 

Processing is carried out the same Where agar or Phyta 
gelTM or other green polysaccharide is the only strengthening 
agent but MFC/NFC suspension is added into the soy protein 
and polysaccharide in Water composition to be precured. 
We turn noW the second embodiment herein. The green 

short ?bers can be, for example, plant based ?bers, protein 
?bers, or regenerated varieties. The plant based ?bers and 
regenerated varieties thereof include cellulosics including 
regenerated cellulose, e.g., viscose rayon and lyocell. The 
protein ?bers include natural ?bers such as silk and those 
from feathers from a variety of foWl including turkey and 
chicken, hair, and regenerated varieties (spider silk). The 
method of the second embodiment comprises the steps of 
blending soy protein or soy protein and strengthening agent 
composition that is being precured (under the conditions pre 
viously set forth) With from 2% to 60% by Weight of green 
short ?bers (that is 2 to 60% of uncured soy protein plus 
strengthening agent plus green short ?bers), completing pre 
curing, thereby obtaining a homogeneous admixture, With 
short ?bers of random orientation therein, then positioning 
the precured admixture onto a non-stick surface (e.g., a 
Te?on® or aluminum surface), then curing one precured 
sheet or a stack of precured sheets, e. g., oriented in the same 
or different direction, to form a green composite sheet or stack 
of sheets. The precuring and curing are carried out under the 
conditions set forth above. 
We turn noW to the third embodiment herein. The dispens 

ing can be by means of an inclined pleated non-stick surface 
plate Where the ?bers are added onto each pleat of the inclined 
pleated plate and aligned in one direction Within each pleat 
and shaking or vibrating the pleated plate to dispense unidi 
rectional roWs of ?bers onto uncured sheet of soy protein 
optionally together With strengthening agent and the combi 
nation is exposed to precuring and curing conditions as 
described above to form a composite With unidirectional roWs 
of ?bers thereon. Precured composite sheets can be stacked 
With the roWs of ?bers in a sheet in the same or a different 

direction from a second sheet, before curing. 
We turn noW to the fourth embodiment herein. The coating 

or impregnation is in an amount ranging from 30 to 120% by 
Weight of the substrate (up to 60% by Weight of the cured 
composite). The coated/ impregnated Workpiece is dried, e.g., 
by use of heated rolls, to obtain precuring. The precured 
composite, optionally cut to desired siZe and shape (knoWn as 
a prepreg), can be cured by hot pressing. To obtain thicker 
composite sheets, a plurality of sheets can be stacked for 
curing. The sheets can be stacked With unidirectional ?bers 
and yarns at different angles in different layers. 

In the cases of the second embodiment and the third 
embodiment, one or more green hydrophobic sheets (e.g., of 
polylactic acid or polyhydroxybutyrate), can be placed into 
contact Within one or more precured sheets as described 
above prior to curing. 

The biodegradable compositions (resins) herein are useful 
for combination With green reinforcing materials to form 
composites. These composites and the composites described 
above, are useful, for example, for product casing and pack 
aging, indoor panels and structural applications in transpor 
tation and housing markets, circuit boards and other elec 
tronic items and mass-volume disposable consumer goods.At 
the end of its useful life, the composite can be disposed of or 
composted Without harming the environment. 

The invention is illustrated by the folloWing Working 
examples. 
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8 
BIODEGRADABLE COMPOSITION 

PREPARATION EXAMPLE 1 

SPC Plus Nanoclay 

Cloisite® Na+ Was obtained from Southern Clay Products, 
Inc., Texas. The particles Were dispersed into distilled Water 
using an ultrasonic and magnetic stirrer to form a clay sus 
pension. This caused exfoliation of the particles. A one-Week 
stabiliZation process Was folloWed in order to remove the 

larger (non-exfoliated) Cloisite® Na+ agglomerates in the 
suspension. The resulting puri?ed yelloWish clay suspension 
Was stable and no further phase separation Was seen Within a 

month under unperturbed condition. This suspension Was 
ready to be used for the nanoclay modi?ed SPC and other 
resins directly. 
SPC poWder Was initially mixed With distilled and dioniZed 

Water in a Weight ratio of 1:15. Glycerol Was added as a 
plasticiZer at a level of 30% based on the Weight of the SPC. 
The pH Was adjusted to 7.9 using 1N sodium hydroxide 
solution in Water. HomogeniZing Was then carried out With a 
magnetic stirrer for thirty minutes. The mixture Was then 
maintained in a Water bath at 75° C. for thirty minutes for 
precuring. At the tWenty-?ve minute mark, nanoclay suspen 
sion prepared according to the above paragraph, in amount by 
Weight of SPC as set forth in Table 2 beloW, Was added. At the 
end of the thirty minutes, the precured composition Was cast 
on Te?on® coated glass plates and dried in an oven at 35° C. 
for about 16 hours and hot pressed on a Carver hydraulic hot 
press, model 3891-4PROA00 at 120° C. under a pressure of7 
MPa for 25 minutes. 

Data on cured compositions obtained, is set forth in Table 
2 beloW. 

TABLE 2 

Stress at max Strain at max Modulus Moisture content 

Clay (%) load (MPa) load (%) (MPa) (%) 

0 8.0 28.6 84 22.0 

1 8.6 30.0 92 20.6 

3 10.0 27.2 132 20.4 

5 12.3 23.5 180 20.0 

7 12.5 20.3 239 19.6 

10 14.2 16.4 328 19.5 

15 16.7 11.0 589 18.0 

20 17.2 9.4 725 18.0 

30 20.2 6.0 1024 17.1 

BIODEGRADABLE COMPOSITION 
PREPARATION EXAMPLE 2 

SPC Plus MFC 

SPC suspension Was prepared as in Biodegradable Com 
position Preparation Example 1 .Amounts of MFC, by Weight 
of SPC as described in Table 3 beloW, Were added into the 
homogenizing step prior to precuring. Precuring and curing 
Were carried out as in Biodegradable Composition Prepara 
tion Example 1. 
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Data on cured compositions obtained is set forth in Table 3 
below. 

10 
Data on cured compositions obtained is set forth in Table 5 

beloW. 

TABLE 3 TABLE 5 
5 

Fracture Young’s Moisture Stress at max Strain at max Modulus Moisture 
MFC Fracture Strain Modulus Toughness Content Clay (%) load (MP3) load (%) (MP3) content (%) 

Content (%) Stress (MPa) (%) (MPa) (MPa) (%) 
0 66.2 10.0 1675 14.4 

0 32.2 11.5 961 2.8 14.2 5 70.6 9.8 1983 14.4 
10 45.8 12.2 1389 4.0 13.5 10 7 72.5 9.5 2124 14.1 
20 54.7 11.6 1727 5.0 12.7 10 69.3 8.6 2248 13.9 
30 65.2 12.0 1959 5.3 12.4 15 69.6 8.6 2349 13.9 
40 72.2 11.8 2146 5.5 12.0 20 69.0 7.3 2515 13.7 
50 77.9 11.2 2358 5.6 11.8 

15 

BIODEGRADABLE COMPOSITION 
BIODEGRADABLE COMPOSITION PREPARATION EXAMPLE 5 

PREPARATION EXAMPLE 3 

SPC Plus PhytagelTM 20 SPC Plus Agar 

SPC solution Was prepared as in Biodegradable Composi- 20% Glycerol, Variation in Agar Amount 
tion Preparation 1 but With 20% glycerol by Weight of SPC at 
PH 0187- Varying amounts of phytagelTM to Provide Percent- 25 SPC poWder Was suspended in distilled and deioniZed 
ages by Weight of SPC as set forth in Table 4 beloW Were 
dissolved in distilled Water to form a solution or Weak gel 
(depending on the concentration). The solution or gel Was 
added to the initial SPC/ glycerol solution during homogeniz 
ing. After homogenizing, precuring Was carried out at 75° C. 
for thirty minutes. The precured admixture Was cast onto 
Te?on® coated glass plates to form sheets. The precured 
sheets Were dried and cured under the conditions set forth in 
Biodegradable Composition Preparation Example 1. 

Data on cured compositions obtained, is set forth in Table 
4 beloW. 

TABLE 4 

Phyto gel ® Stress at max Strain at max Modulus Moisture 
content (%) load (MPa) load (%) (MPa) content (%) 

0 14.7 25.7 201 16.7 
5 21.1 22.7 314 16.3 
10 26.1 18.8 406 16.2 
20 34.9 17.1 538 16.0 
30 43.7 15.9 651 15.8 
40 50.1 14.8 717 15.5 
50 52.4 14.2 742 15.5 

BIODEGRADABLE COMPOSITION 
PREPARATION EXAMPLE 4 

SPC Plus PhytagelTM Plus Nanoclay 

SPC solution (12.5% glycerol by Weight of SPC, pH of 7) 
Was prepared as described in Biodegradable Composition 
Preparation Example 3. PhytagelTM in distilled Water to pro 
vide a 40% PhytagelTM level by Weight of SPC Was added as 
described in Biodegradable Composition Preparation 
Example 3, during homogenizing. Precuring Was then initi 
ated as in said Example 3. After tWenty-?ve minutes of pre 
curing, nanoclay slurry prepared as set forth in said Biode 
gradable Composition Preparation Example 1, Was added to 
provide different nanoclay loadings as set forth in Table 5 
beloW. Precuring Was continued for ?ve more minutes. Cur 
ing Was then carried out as in said Example 1. 
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Water in a Weight ratio of 1:15. To the SPC suspension, 20% 
glycerol by Weight of SPC, Was added as a plasticiZer. The pH 
Was 7.0. Agar Was dissolved in distilled and deioniZed Water 
at 90° C. (heating being provided by a Water bath) using a 
magnetic stirrer, to provide agar contents (by Weight of SPC) 
as set forth in Table 6 beloW. The SPC suspension and agar 
solution Were mixed and the admixture Was precured using a 
Water bath maintained at 90° C., for thirty minutes. The pre 
cured composition Was poured onto Te?on®-coated glass 
plates and dried at 35° C. for tWenty-four hours to obtain dried 
sheets. The dried sheets Were cured using a hot press using a 
pressure of about 8 MPa at 120° C. for tWenty-?ve minutes. 
The cured sheets Were conditioned at 21° C. and 65% relative 
humidity (per ASTM Test No. D618) for three days prior to 
determining their properties. 

Data on cured compositions obtained, is set forth in Table 
6 beloW. 

TABLE 6 

Agar Fracture Stress Fracture Strain Modulus Moisture 

(%) (MPH) (%) (MP3) (%) 

0 13.8 22.9 323 16.6 
10 18.4 21.3 622 16.1 
20 23.1 22.1 839 16.0 
30 29.9 22.0 1099 15.5 
40 36.1 21.6 1296 15.2 
50 40.1 23.4 1522 15.0 
60 41.0 24.0 1493 15.1 

BIODEGRADABLE COMPOSITION 
PREPARATION EXAMPLE 6 

SPC Plus Agar 

10% Glycerol, Variation in Agar Content 

Processing Was carried out as in Biodegradable Composi 
tion Preparation Example 5 except that the glycerol content 
Was 10% (by Weight of SPC). 
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Data on cured composition is set forth in Table 7 below. 

TABLE 7 

Agar Fracture Stress Fracture Strain Modulus Toughness 
(%) (MPa) (%) (MPa) (MPa) 

0 25.7 8.0 722 2.66 
10 33.8 8.2 1081 2.89 
20 41.0 8.8 1687 3.21 
30 48.9 8.9 2037 3.98 
40 53.9 8.1 2380 4.19 
50 59.8 8.6 2633 4.56 
60 56.4 7.9 2574 4.24 

BIODEGRADABLE COMPOSITION 
PREPARATION EXAMPLE 7 

SPC Plus Agar 

50% AgariVariation in Glycerol Content 

Processing Was carried out as in Biodegradable Composi 
tion Preparation Example 5 except that agar content Was not 
varied but Was ?xed at 50% by Weight and glycerol content 
Was varied. The pH Was 7.0. 

Data on cured compositions obtained, is set forth in Table 
8 beloW. 

TABLE 8 

Fracture 
Glycerol Stress Fracture Strain Modulus Toughness Moisture 

(%) (MP3) (%) (MP3) (MP3) (%) 

20 40.1 23.4 1522 8.48 15.0 
15 46.1 15.9 2008 6.38 14.7 
10 59.8 8.6 2633 4.56 14.4 
5 69.9 6.1 3143 3.24 14.3 
0 79.1 3.9 3443 1.93 14.4 

BIODEGRADABLE COMPOSITION 
PREPARATION EXAMPLE 8 

SPC Plus Agar 

No Glycerol, Variations in Agar Content 

Processing Was carried out as in Biodegradable Composi 
tion Preparation Example 5 except that no glycerol Was 
included and agar content Was varied. 

Data on cured compositions obtained, is set forth in Table 
9 beloW. 

TABLE 9 

Agar Fracture Stress Fracture Strain Modulus Moisture 

(%) (MPH) (%) (MPH) (%) 

20 63 3.1 3235 13.9 
30 72 3.5 3306 14.2 
40 77 3.7 3408 14.4 
50 79 3.9 3443 14.4 
60 81 4.0 3369 14.5 
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BIODEGRADABLE COMPOSITION 

PREPARATION EXAMPLE 9 

SPC Plus Agar Plus Nanoclay 

SPC poWder Was suspended in distilled and deioniZed 
Water and 10% glycerol Was added as a plasticiZer. Agar in 
amount to provide 50% agar by Weight of SPC Was added to 
distilled and deioniZed Water (combination maintained in a 
Water bath kept at 90° C.). The SPC suspension and agar 
solution Were mixed using a magnetic stirrer for ?fteen min 
utes to obtain a uniform mix and the resulting admixture Was 
precured using a Water bath maintained at 90° C., for thirty 
minutes. After tWenty-?ve minutes of the precuring, nanoclay 
slurry prepared as in Biodegradable Composition Preparation 
Example 1 Was added to provide different nanoclay loadings 
as set forth in Table 10 beloW. Precuring Was then continued 
for ?ve more minutes. The precured compositions Were 
poured onto Te?on®-coated glass plates and dried at 35° C. 
for tWenty-four hours to obtain dried sheets. The dried sheets 
Were cured using a hot press at 9 MPa and 120° C. for 
tWenty-?ve minutes. The cured sheets Were conditioned at 
21° C. and 65% relative humidity (per ASTM Test No. D618) 
for three days prior to determining their properties. 

Data on cured composition obtained, is set forth in Table 10 
beloW. 

TABLE 10 

Nano-clay Fracture Stress Fracture Strain Modulus Toughness 
(%) (MPa) (%) (MPa) (MPa) 

0 59.8 8.6 2633 4.56 
3 66.5 6.7 2990 4.32 
5 69.0 4.7 3266 3.61 
7 71.1 3.9 3478 3.07 

10 68.3 3.8 3565 2.73 
15 66.0 3.7 3731 2.27 

BIODEGRADABLE COMPOSITION 
PREPARATION EXAMPLE 10 

SPC Plus Agar Plus MFC 

SPC suspension and agar solution Were mixed as in Bio 
degradable Composition Preparation Example 9 (50% agar 
by Weight of SPC), except that no glycerol Was included. 
Varying amounts of MFC by Weight of SPC as described in 
Table 11 beloW Were added and stirring Was carried out for 
?fteen minutes. The mixture Was precured in a Water bath at 
90° C. for thirty minutes. The precured composition Was 
poured onto Te?on®-coated glass plates and dried at 35° C. 
for tWenty-four hours to form sheets. The dried sheets Were 
cured using a hot press at 8 MPa and 120° C. for tWenty-?ve 
minutes. The cured sheets Were conditioned at 21° C. and 
65% relative humidity (per ASTM Test No. D618). 

Data on cured composition obtained, is set forth in Table 1 1 
beloW. 

TABLE 11 

MFC Fracture Stress Fracture Strain Modulus Toughness 

(%) (MPa) (%) (MPa) (MPa) 

0 70 3.22 3463.91 1.08 
10 77 3.46 3519.87 1.56 
20 80 3.96 3624.58 1.78 
30 83 3.75 3963.68 2.52 
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TABLE 1 1 -continued 

MFC Fracture Stress Fracture Strain Modulus Toughness 

(%) (MPa) (%) (MPa) (MPa) 

40 82 3.63 4151.81 2.97 
50 87 4.21 3993.94 2.86 

It is noted that the fracture strains were between 3% and 4% 
because no plasticiZer was included. Inclusion of plasticiZer 
causes increase in fracture strain and toughness values but 
causes decrease in strength and modulus values. 

BIODEGRADABLE COMPOSITION 
PREPARATION EXAMPLE 11 

SP1 or SF Plus Strengthening Agent 

Equal amounts of SPI and/or SF can be substituted in 
Biodegradable Composition Preparation Examples 1-10 to 
produce strengthened cured soy proteins with good mechani 
cal properties (i.e., improved compared to cured soy protein 
without the strengthening agent). 

FABRICATION EXAMPLE 1 

Randomly Oriented Short Fibers 

Short cellulose ?bers are blended into the admixture of 
SPC suspension (containing glycerol) and agar solution, 
admixture of Biodegradable Composition Preparation 
Example 5 (to provide 10% glycerol by weight of SPC and 
50% agar by weight of SPC) in an amount of 30% ?bers by 
weight of SPC, to provide uniform distribution of randomly 
oriented ?bers. Precuring is then carried out by mixing to 
maintain uniform distribution and random orientation while 
maintaining the composition in a water bath at 90° C. for 
thirty minutes. The precured admixture is then dried at 35° C. 
for twenty-four hours so as to maintain the uniform distribu 
tion and random orientation of the ?bers. The precured blend 
is poured onto a non-stick surface to form sheets and the 
sheets are dried at 35° C. for twenty-four hours and then cured 
by hot pressing at 8 MPa at 120° C. for twenty-?ve minutes. 

In another case, a plurality of dried sheets are stacked and 
the stack is hot pressed. 

FABRICATION EXAMPLE 2 

Unidirectional Short Fibers 

The method of this example is shown in FIG. 1. 

As shown in FIG. 1, short ?bers are dispensed onto pleats 
of a pleated Te?on® coated cardboard or plastic or metal 
sheet material substrate plate to form rows of aligned unidi 
rectional short ?bers, with one row in each pleat. The ?bers in 
each pleat are fed as rows of unidirectional ?bers on a sheet of 
resin mixture of SPC suspension in water (10% glycerol by 
weight of SPC) and agar solution in water (to provide 50% 
agar by weight of SPC). The sheet of resin with rows of 
unidirectional ?bers thereon/therein is precured at 90° C. for 
thirty minutes, then dried at 3 5° C. for twenty-four hours, then 
cured by hot pressing at 8 MPa and 120° C. for twenty-?ve 
minutes. 
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FABRICATION EXAMPLE 3 

Impregnated Parallel Arrays of Yarn 

Parallel arrays of yarns constituted of ?ax material or other 
green yarns or ?laments or individual sections of suchparallel 
arrays are impregnated with biodegradable composition of 
the invention hereto. 

FIG. 2a depicts warping procedure for preparing a single 
parallel array. 
As shown in FIG. 2a, apparatus and process for preparing 

a single array comprise, a creel 10 supporting individual yarn 
packages or bobbins 12 for feeding yarns 14 over a guide 16 
to a warping beam 18 where the yarns are then collected in 
parallel array. 
As shown in FIG. 2b, apparatus and process for preparing 

sections of parallel array yarns comprise a creel 20 supporting 
individual yarn packages 22, feeding yarns 24, over a comb 
26 to form sections of parallel array yarns 28 on sectional 
beam 30. 
The impregnation herein is carried out on the parallel yarn 

arrays downstream of the guide 16 or comb 26 and upstream 
ofbeams 18 and 29. 

FIG. 3 depicts resin impregnation according to the inven 
tion on the yarn parallel arrays. As shown in FIG. 3, parallel 
arrays 30 (alternately woven or non-woven fabric) are fed 
over a guide roller 32 into a bath 34 of precuring resin in a 
container (resin bath) 36. The bath contains an admixture of 
SPC suspension in water containing 10% glycerol by weight 
of SPC and agar solution in water, to provide 50% by weight 
agar by weight of SPC. The parallel arrays 30 pass through 
bath 34 via immersion rollers 38. The impregnating apparatus 
constituted of container 36 holding bath 34 contains below 
the level of the bath 34 heating elements 40 to provide pre 
cured resin toward the outlet side. The parallel arrays are 
coated/impregnated in bath 34 with precured resin bath and 
leave the bath as parallel arrays coated with precured resin at 
42 and then are passed through the nip of squeeze rolls 44 to 
remove excess precured resin whereupon the coated/impreg 
nated parallel arrays 45 are then passed to drying, with 
method/apparatus for this schematically depicted in FIG. 4a 
and 4b. FIG. 4a depicts drying cylinders 48 in series and 
entering coated parallel array is shown at 45 and exiting dried 
coated parallel array is shown at 50. FIG. 4b schematically 
depicts an alternative method and apparatus for drying. As 
shown in FIG. 4b, a drier contains a microwave or infrared 
source 54 and parallel array coated with precured resin passes 
over guide roller 56 and via path 58 or path 60 (for more 
residence time), leaving via exit guide roller 62 as dried 
coated parallel array as shown at 50. The dried precured resin 
coated parallel arrays are then subjected to resin curing treat 
ment. FIG. 5 shows the dip coating process/apparatus of FIG. 
3, followed by the drying process/apparatus of FIG. 4a, fol 
lowed by curing. The curing is carried out by hot pressing dies 
64. 

Parallel arrays of green ?bers, or green ?laments, or green 
fabric (woven, knitted or non-woven) can be substituted for 
the parallel arrays of yarn above, to produce composites with 
cured coating coated thereon and/or impregnated therein. 

FABRICATION EXAMPLE 4 

Composites 

This example shows three kinds of composites which can 
be fabricated herein. 
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FIG. 6a shows a multilayered green composite With poly 
lactic acid/polyhydroxybutyrate sheath layers 70 as outside 
layers of a composite With interior mat based laminates 72 
and a central yarn based laminate 74. The layer 72 and 74 are 
coated impregnated With cured resin according to the inven 
tion. The curing (e. g., hot pressing) can be carried out after the 
layers are stacked. 

FIG. 6b shoWs a multilayered green composite With outer 
fabric base laminates 80, inner non-Woven mat composite 
based laminates 82 adjacent inner side of each layer 80 and a 
central ?ber based laminate 84 Where all of the layers contain 
resin herein. The resin may be cured in a stack of all the layers 
at once. 

FIG. 60 depicts a hybrid metal layer green layer composite 
containing outer metal sheath layers 90 and green resin lami 
nates 92 of the invention herein. The metal sheath protects the 
green layers from Water. The composite can be used in appli 
cations at loW temperature Where metals are currently used. 
The green portion reduces the total Weight compared to all 
metal corresponding items.At the end of the functional life of 
the composite, the metal sheath can be peeled and the metal 
recycled and the green portion can be degraded. 

In examples the term resin is used to mean biodegradable 
composition herein prior to curing and cured resin refers to 
the same after curing. 
Variations 

The foregoing description of the invention has been pre 
sented describing certain operable and preferred embodi 
ments. It is not intended that the invention should be so 
limited since variations and modi?cations thereof Will be 
obvious to those skilled in the art, all of Which are Within the 
spirit and scope of the invention. 

What is claimed is: 
1. A cured, biodegradable composition comprising: from 

99.5% to 40% by Weight soy protein (soy protein plus green 
strengthening agent Weight basis) and from 0.5 to 60% by 
Weight (soy protein plus green strengthening agent Weight 
basis) of one or more polysaccharide green strengthening 
agents selected from the group consisting of agar, gellan and 
mixtures thereof, said composition having a stress at maxi 
mum load of at least 12.3 MPa and modulus of at least 150 
MPa, Wherein the composition is cured. 

2. The biodegradable composition of claim 1 further com 
prising a nanoclay. 

3. The biodegradable composition of claim 1 further com 
prising micro?brillated cellulose. 
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4. The biodegradable composition of claim 1 further com 

prising nano?brillated cellulose. 
5. The biodegradable composition of claim 1 further com 

prising additional strengthening agents selected from the 
group consisting of green reinforcing ?bers, green reinforc 
ing ?laments or green reinforcing yarns and/or green rein 
forcing Woven or knitted fabric or non-Woven fabric and 
combinations thereof. 

6. The biodegradable composition of claim 1 comprising 
from 98 to 40% by Weight (soy protein plus green strength 
ening agent basis)-array of soy protein, from 2 to 60% by 
Weight (soy protein) plus green strengthening agent basis) of 
polysaccharide green strengthening agent, the composition 
having a fracture stress of at least 15 MPa and a modulus of at 
least 500 MPa. 

7. A cured, biodegradable composition comprising from 98 
to 40% by Weight (soy protein plus green strengthening agent 
dry Weight basis) soy protein and from 2 to 60% by Weight of 
green strengthening agent (soy protein plus green strength 
ening agent dry Weight basis) Wherein the green strengthen 
ing agent comprises from 1 to 59% by Weight green polysac 
charide (soy protein plus green polysaccharide plus nanoclay 
dry Weight basis) and from 1 to 15% by Weight nanoclay (soy 
protein plus polysaccharide plus nanoclay dry Weight basis), 
Wherein the composition is cured. 

8. A cured biodegradable composition comprising from 98 
to 40% by Weight (soy protein plus green strengthening agent 
dry Weight basis) soy protein and from 2 to 60% by Weight of 
green strengthening agent (soy protein plus green strength 
ening agent dry Weight basis) Wherein the green strengthen 
ing agent comprises from 1 to 59% by Weight polysaccharide 
selected from the group consisting of gellan, agar or combi 
nations thereof (soy protein plus polysaccharide plus 
micro?brillated or nano?brillated cellulose dry Weight basis) 
and from 1 to 59% by Weight micro?brillated cellulose or 
nano?brillated cellulose or a mixture thereof (soy protein 
plus polysaccharide plus micro?brillated or nano?brillated 
cellulose dry Weight basis), Wherein the composition is cured. 
9.A cured, biodegradable composition comprising from 98 

to 40% by Weight (soy protein plus green polysaccharide dry 
Weight basis)-array of soy protein, and from 2 to 60% by 
Weight (soy protein plus green polysaccharide dry Weight 
basis) of green polysaccharide selected from the group con 
sisting of gellan, agar and combinations thereof, Wherein the 
composition is cured. 

* * * * * 


